In this article, we present the study of a double-pass air insulated by crushed millet stem mixed with gum arabic. The study is carried out based on mathematical models obtained by writing energy conservation laws in the various components of the system, which made it possible to determine the evolution of the air temperature as a function of the length of the absorber and to make a comparison with the experimental results. After comparing the results obtained with those found in the literature, the influence of some physical and geometrical parameters on the performance of the solar thermal collector is presented.
Introduction
Plan solar air collectors convert solar energy into thermal energy extracted from the air into flow in the solar collector [1] . This energy is used in a variety of applications, such as drying foodstuffs (fruit, wood, etc.) [2] - [18] , heating, and so on.
They have a number of practical advantages, such as the direct use of air for drying products in industry, which translates into remarkable energy savings, and this is why recent developments in the field of high environmental quality have played an important role in the design offices and particularly in the industrial sector.
To produce solar thermal energy, several types of flat solar collectors are designed for different performances [3] - [21] . Various studies on their performance efficient than the finless absorber. The thermal efficiency of a double-pass solar collector with a porous medium is 60% to 70%, 20% to 30% higher than the collector without a porous medium [11] - [20] . Its efficiency is high compared to conventional solar collectors, it can exceed 75%.
The porosity of the fluid influences the temperature increase according to the mass flow rate [12] . Elradi A. Musa and Al's work has shown that Reynolds and Nusselt numbers also have a significant effect on low porosities [13] - [19] .
To do this, a mathematical model based on the solar collector thermal balance method is studied. The results of the numerical simulations were used to evaluate the temperature profiles of each solar collector layer (glass, absorber, fluid and insulating plate). In order to validate the theoretical results, numerical results obtained with Comsol code are used to compare the evolution of the thermo-physical parameters of the fluid in the solar collector. The comparative analysis of the theoretical and experimental results of the double-pass solar thermal collector has enabled the model to be validated.
Experimental Device for Solar Collector
The solar thermal collector studied is shown schematically in Figure 1 . It consists of a single glass pane with a surface area of 4 m 2 and a thickness of 0.005 m [14] [15] [16] . The greenhouse effect produced at its level causes the absorber to heat up, which is made of black painted steel sheet, 0.003 m thick. The insulation layer, made of crushed millet shank, 0.030 m thick behind the sensor and on the side, minimizes losses and therefore increases the thermal performance of the solar collector. A channel (e f1 = 0.045 m on the outward flow and e f2 = 0.070 m on the return flow) connecting the inlet to the outl et al. lows air to be guided by forced convection through a fan placed at the outlet from which a drawn flow is drawn as shown in Figure 2 . A total of 36 Thermocouples are placed along the Energy and Power Engineering length of the sensor to measure the temperature evolution of the different solar collector components, as illustrated in Figure 3 . 
Heat Balance Equations
The model is based on the following assumptions: 
Fluid (f2)
As the heat transfer fluid underneath the absorber exchanges with the plate (p) and the absorber (ab) by convection, then we have ( )
, , 
The modeling of the solar collector is based on a nodal discretization showing 5 knots.
Heat Transfer Coefficients
The system of equations presented in section 4 is based on a good knowledge of the heat transfer coefficients to take into account the heat exchanges, by conduction, convection and radiation, between the different components of the solar collector.
Heat transfer between celestial vault and glass
Others use:
( )
In our calculations, we will adapt this last expression for the calculation of T c .
The heat transfer between the ambient environment and the glass is given by Mac Adams' formula:
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Radiation heat transfer: The convective and radiative heat transfer coefficients of fluid f1 were used for return fluid f2.
Thermo-Physical Properties
The properties of the individual solar collector components are given in Table 1 .
The insulation used consists of crushed millet stem mixed with gum arabic binder.
It is a very accessible material in rural areas and in large quantities, often unusable. 
Two-Dimensional Solar Collector Modeling
The system is modeled by Comsol multiphysics 3.5 code taking into account the couplings of conductive, convective and radiative heat transfers between the fluid flow and the solid components of the solar collector. Figure 4 shows the temperature evolution and flow direction of the heat transfer medium. The influence of the grid number on the temperature is presented in Table 2 . Table 1 . 
Numerical Results
The system of Equations (2) to (6) is discretized by finite differences method and then solved using Gauss-Seidel's iterative method.  Air temperature evolution in the solar collector Figure 5 and Figure 6 shows respectively the air temperature evolution along the upper channel T f1 and lower channel T f2 at 9 h, 11 h and 14 h. The maximum of air temperature flowing through the solar air collector, went respectively to 308 K, 325 K and 329 K (59 C maximum temperature). There is a temperature difference of 31C between the inlet temperature and the outlet temperature at 2 pm due to the temperature gradient of interest in the flow.
The air enters the second channel with the outlet temperature of T f1 . Thus the lower air temperature through the solar collector at the return flow went respectively up to 320 K (47 C), 338 K (65 C) and 341 K (68 C) output temperature. A temperature difference of 17 C is less important than in the first channel and remains relatively constant when the thermal equilibrium is reached (from 70 cm onwards).  Influence of mass flow rate For a solar heat flux of 900 W/m 2 at 14 h, Figure 7 and Figure 8 show the effect of mass flow on the air outlet temperature in the solar collector. It can be seen that for 0.023 kg/s, 0.035 kg/s and 0.051 kg/s, the output temperatures of the heat transfer medium are 341 K (68 C), 338 K (65 C) and 334 K (61 C) respectively. Thus, it can be seen that the more the flow rate tends towards its minimum value, the higher is the air outlet temperature. This is due to the length of time, more or less long, that the fluid stays in the solar collector, which causes more exchange between walls and air.  Comparison of numerical results Figure 9 and Figure 10 show a comparison of temperature changes obtained with the two approaches (global model and Comsol).
For a flow rate of 0.023 kg/s and solar heat flux of 900 W/m 2 , the analysis of the obtained results shows a small difference of 7C between the two models ( Figure 9 and Figure 10 ). This difference can be explained by the very nature of the two models studied, the first one (global model) being more global based mainly on a good knowledge of the heat transfer coefficients, the second Figure 11 and Figure 12 show the evolution of the air temperature throughout the solar collector with a flow rate of 0.023 kg/s using theoretical and experimental models. For the same rate fixed at 0.023 kg/s in the experiment as in the numerical resolution with irradiation of 600 W/m 2 and 900 W/m 2 at 9 h and 14 h respectively, we note that the pace of the experimental curves is relatively equal to that of the theoretical curves. At 9 o'clock, the experimental and numerical curves have the same output temperature 320 K (47 C) and 14 o'clock respectively 335 K (62 C) and 341 K (63 C) with a deviation of 6 C. This difference can be explained by the thermal pressure losses of the solar collector in the experiment. 
Comparison with Experimental Results

Solarcollector Output
The collector efficiency is defined as the ratio of the effective power u 
T i is the inlet temperature of the fluid f1 and T o is the outlet temperature of fluid f2. Figure 13 shows the performance evolution of the solar collector for a fixed flow rate of 0.023 kg/s and solar radiation of 900 W/m 2 . Figure 13 . Performance of solar collector.
We note, that at this flow rate and maximum irradiation, that the optimal efficiency is 80% for a double-pass single-glazed air solar collector with crushed millet rod as insulator.
Conclusions
In this work, we have proposed a numerical and experimental study of a double air-pass solar collector with the objective of producing hot air to supply and improve drying techniques. 
